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Exposure of murine epidermal cells co UV radiatioll in vitro 
causes the release of immunoregulatory factors that mimic 
some of the immunosuppressive effects of in vivo UV irra-
diation. The purpose of this study was to investigate the 
spectrum of immune responses aifected following i. v. injec-
tion of supernatants obtained from cultures of epidermal cells 
exposed in vitro to UV radiation. Treatment of primary epi-
dermal cell cultures or rransformed keratinocytes (Pam 212 
cells) with UVB (280 - 320 nm) radiation caused the release 
of factors that suppressed the induction of delayed hypersen-
sitivity to alloanrigen and trinitrophenyl-modified self-anti-
gens in syngeneic and allogeneic mice. Contrary to expecta-
tions, however, the injection of supernatants from 
UVB-irradiated epidermal cells had no effecr on the induc-
tion of contact hypersensitivity to trinitrochlorobenzene. On 
the other hand, treatment of the keratinocytes with UV A 
I n addition to its carcinogenic effect. ultraviolct (UV) radia-tion causes a selective, systemic supprcssion of immune re-sponses (11. The diminished capacity of mice ex osed to sub-carcinogenic doses ofuv radiation to reject highly antigenic UV-induced tumors has been attributed to a suppressor cell 
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Abbrcviations: 
C HS: cont.ct hypersensitivity 
DNFD: dinitrofluorobenzenc 
DTH: delayed type hypersensitiVIty 
It-I : interlel ~ 111 1 
i.v.: intr.lvenous ly 
Nit·SN: supernatant from non·irradlltcd epidermal cdls 
SC: subcuunt'ously 
TNCB: trinitrochlorobcnzene 
TNP: trinitrophenyl 
UVA: ultraViOlet A radiation (320-400 nm) 
UV13: ultraviol e=: t B radiation (280-320 11m) 
UV·SN: supernatant from UV·irradl:loted epIdermal cells 
radia<ion (320-400 nm, filtered [0 remove wavelengths in 
the UVB region) resulred in the release of a facror thar sup-
pressed conrae< but not delayed hypersensitivity. Neither the 
UV A-induced nor the UVB-induced suppressive facror in-
hibircd the generation of an antibody response to sheep 
erythrocytes, indicating that , like the suppression that occurs 
after in vivo exposure to UV radiation. the suppression in-
duced by factors from UV -irradiated keratinocytes is selec-
tive in nature. These data support the hypothesis that soluble 
keratinocytc-derived suppressive factors are involved in the 
induction of systemic immune suppression by UV radiation. 
In addition, they suggest that multiple suppressive factors, 
having different immunosuppressive properties. are pro-
duced by different wavelengths of UV radia tion.] II/ vesl Der-
malo/ 94:26-32, 1990 
mediated. UV-induced inhibition of the immune response [2.3]. In 
addition, mice exposed ro a single high dose of UV radiation acc 
unable [0 generate a contact hypersensitivity (CHS) reaction to 
haptens applicd to a distant unirradiatcd site [41. In a similar manner, 
a single exposure [0 UV radiation can inhibit the generation of a 
delayed type hypersensitivity (OTH) response to hapten-modified 
cells [5J, foreign erythrocytes. protein antigens [61. and allogeneic 
spleen cells [7,8]. Thc appearance of antigen-specific suppressor T 
lymphocytes in the spleens of the UV -irradiated animals is also 
associated with the inhibition of OTH and CHS by a single expo-
sure to UV rad.iation, a.lthough the mechanisms of dlese two effects 
of UV radiation appear to differ [9]. 
The study of systemjc suppression of the immune system by UV 
radiation is important for a number of reasons. First, an association 
between immunosuppression and the development of primary skin 
canccrs in mice has been demonstrated 1101. Insight into the mecha-
nisms by which UV suppresses the immune response may be helpful 
in providing new approaches for the treatment and prevention of 
skin cancer. Second, the systemic immunologic alterations caused 
by UV. especially the suppression of OTH, may be a predisposing 
factor for an increased incidence or severity of infectious diseascs. 
Third, thc immunosuppression induced by UV radiation is unique, 
in that in addition to being antigen-specific, it is highly selective. 
Although C HS. DTH, and the rejection ofUV-induced tumors are 
usually suppressed after exposure to various regimens of UV radia-
tion, most other immune responses such as antibody production, 
allograft rejection, lymphocyte blascogenesis in response to mito-
gens, and generation of cytolytic T cells arc normal [1 t. t 2]. Thus, 
studies designed to understand the mechanism of UV-induced im-
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munosuppress lon may yield new insights into the immunoregula-
tion of diverse im mune responses. 
One goal of our research is to determine how exposure of the 
dorsa l skin of mice to UV radiation results in suppression of the 
immune response to antigens introduced at distant (unexposed) 
sites. Recent studies have suggested that soluble suppressive factors 
released from UV-irradiatcd epidermal cel ls may be involved in the 
induction of suppression [13]. Since a prominent characteristic of 
the suppression induced in vivo by UV radiation is its selectivity, we 
wanted to determine if the suppression induced by factors from 
UV-irradiated epidermal cel ls exhibits the same selectivity for C HS 
and DTH reactions. To our surprise. we found that, although DTH 
was suppressed after rhe injection of supernatants from UVB-irra-
diated epidermal cell s, C HS was not. Exposure of the keratinocytes 
to UVA radiation produced a factor that suppressed C HS but not 
DTH . suggesting that multiple immunoregularory cytokines arc 
released by keratinocytes after exposure to different wavelengths of 
UV radiation. 
MATERIALS AND METHODS 
Mice Specific pathogen-free female C3 H/ HeN C r(MTV-}. 
Balb/c AnN , and C57 1l1 /6 mice were supplied by the NCl-Freder-
ick Cancer Research Faci lity. Animal Production Area (Frederick, 
MD). The animals were housed and cared for according to the 
guidel ines set forth in The Guide For The Care And Use of Labora-
tory Animals [DHHS Publica tion No. (NIH) 78-231 in a specifie-
pathogen free facility fully accredited by the American Association 
for the Accredi tation of Laboracory Animal Care. and thei r use was 
approved by the Institution Animal Care and Use Committee. The 
mi ce: were housed in rooms where ambient lighting was regulated 
automatically on a 12-h light-dark cycle. 
R adiation Sources A bank of 6 FS-40 sunlamps (Westinghouse, 
Bloomfield , NJ) was used to trcat mice with UV radiation. These 
lamps emit::a continuous spectrum from 270 to 390 11m, with a peak 
emission at 3 13 nm; approximately 65% of the radiation emi tted by 
these lamps is within the uva range (280-320 11m). The irradiance 
of the source averaged 10 J / m'1/s, as measured by an I L-700 radio-
meter, using a SEE 240 UVll detector equipped with A 127 quartz 
diffuser (International Light. Inc. Newburyport, MA). Because of 
shielding by the cage lids. the incident dose received by the animals 
was approximately 4.5 J / m2/s. The total dose ofUVB received in a 
3-h period was approximately 40 kJ / m2• Prior to irradiation the 
dorsal hair of the mice was removed with electric cl ippers. and 
during irradiation, the ears of the mice were covered with tape to 
prcvent exposure to the UV r::r.dia tion. Irradiation of the primary 
epidermal cell cultures was accomplished with a single FS-40 bulb. 
The Output of this lamp was 1.43 J / m2/s. at a tubc-to- target dis-
tance of 20 cm. 
The source of the UVA radiation was a Dermalight 2001 
equipped with an optical filter (1-1-1) to relllove contaminating 
UVIl wavelengths (Dermalight Systems, Studio Ci ty . CAl. Ap-
proximately 99% ohhe radiation emitted by this lamp was within 
the UVA range (320-400 nm), as determined with an Optronics 
742 Spectrorad iomecer (Optronic Laboratories Inc .• Orlando, FL) . 
and had a peak emission at 366 nm. The irradiance of the source 
averaged 94 J /m2/s. as measured by an tL-700 radiometcr using a 
SEE 015 detector equipped with a WBS 350 filter. Because of 
shielding by the cage lids, the incident dose received by the animals 
was approximately 56 J / m2 Is. Prior to irradiation, the dorsal hair of 
the mice was removed with electric clippers, and during the irradia-
tion the cars of the mice were covered with tape to prevent exposure 
to the UV radiation. This lamp was also used to irradiate (he epider-
mal cell cultures. 
GeDera tio~ of UV -Induced Suppressive Facto rs Epidermal 
cel l sus~nslons were prepared from the car and trunk skin of mice. 
The fur was removed by clipping. and the dorsa l skin was removed 
and cur into 1 mm2 pieces. These were floated dermis side down in 
0 .75% trypsin/EDTA at 37". After 60 min, the dennis Was sepa-
raced from the epidermis by teasing apart with forceps. The epi-
dermis was cut inco small pieces and stirred for 30 min in 0 .25% 
trypsin/EDTA. The resulting ce ll suspension was fi lrercd through 
nylon mesh. counted, and resuspended to 1 X 106 cdl/ml in mini-
ma l essential medium (MEM) supplemented with 5% feta l calf 
serum, 2 mM glutamine. and 1 % non-essential amino acids (Gibeo 
Laboratories, Grand Island, NY). Five milliliters of the cell suspen-
sion was added [0 1 OO-mlll tissue culture dishes. Twenry-four hours 
later the non-adherent cells were removed and rhe monolayers were 
resuspended in phosphate-buffered sa line (PBS). The covers of the 
IOO-mm tissue culture dishes were removed and the cells were 
irradiated with 200 J / m20f either UVA or UVB radiation. Immedi-
ately after irradiacion, the ce lls were washed 3 times with PBS and 
resuspended in serum free MEM . Eighteen (Q twenty-four hours 
later the supernat:mt (UV-SN) from the cultures was removed and 
passed through 0.22 Jim filters. In some experiments the Balb/c 
kcratinocyte line. Pam 2 12 1141. was used. The cells were adjusted 
to I X 106 cells/ml and 5 Illl of the cdl sus~nsion was plated in 
100-n1l11 tissue culture dishes. Twenty-four hours later these cells 
were irradiated as described above. The cells were resuspended in 
serum-free MEM , and the supernatants harvested 18 -24 h later. 
Control supernatams (N R-SN) were obtained from cells treated in 
an identicallllanncr except they were not exposed to UV radiation. 
Endotoxin contamination was less than the limitofdctection (0.125 
ng/ml) as determined hy the Limulus amebocyte lysate assay (Ca~ 
Cod Associates. W oods Hole. MA). 
Effect of Supernatants from the UV -Irrad iated E pidermal 
Cells o n CHS Mice were injected via the tail vein with 0.5 1111 of 
UV -SN or NR-SN. Five days later the animals were sensitized by 
the epicutlneous applicacion of trinitrochlorobenzene (TNCB, 100 
,ul of a 3% w/v solution in acetone) or d initrofluorohenune 
(DNFll. 50 pi of a 0.3% v/v solution in acetone) on the shaved 
abdominal skin. Six days later the mice were challenged by app lying 
5,,1 of a 1% solution of TNCIl ora 0 .2% solution of DNFIl ontO 
each car surface. The thickness of the pinna or each ear was mea-
sured with a spri ng-loaded micrometer (Swiss Precision Instru-
ments, Los Angeles. CAl immediately prior to challenge and 24 h 
I:aer. The background response was determined by measuring the 
swelling found in animals that were challenged but not sensitized. 
The specific swelling was calculated by subtracting the background 
swelling from that seen in dlC:: sensitized groups. There were five 
mice per group. 
E ffect of Supernatants from tbe UV -Irtadjated E pidermal 
Cells on DT H Balb/c mice were injected via the tail ve in with 0.5 
ml of UV-SN or NR-SN. Five days later these mice were immu-
nized with allogeneic C3H spleen cells by u~ec[ing 2.5 X 10
' 
cells 
into each fl ank. Six days later the mice were challenged with C3H 
by injecting 107 cells into each hind footpad . The resulting footpad 
swelling was read 24 h later. As hefore. the background swelling 
was determined by challenging non-immunized mice with C3H 
cells. ;lnd the speci fic swelling was calculated by subtracti ng the 
background swelling from the footpad swelling of the sensitized 
groups. There were five mice per group. 
Alternatively, Balb/c mice were sensitized with 5 X 10
' 
synge-
neic spleen cells modified with the hapten trinitrophenyl (TNP), as 
described by Shearer [t 51. Six days later these mice were challenged 
by injecring 10
' 
TNP-conjugated spleen ce lls into each hind foot-
pad. Twenty-four hours later the footpad swelling was determined. 
Determination of Antibody P roduction The slide modifica-
tion It 61 o f the J erne and Nordin [17] plaque assay was used. Mice 
were injected with 0.5 011 ofuv-SN o r NR-SN and 5 d la ter were 
immunized by the intravenous injection of a 1 % solution of sheep 
erythrocytes (S ltBC). Four days after immunization, the spleens of 
rhe Illice were removed. and the number of direct plaque-forming 
cells was determined by lIsi ng SRBC as the indica tor cells. 
Statistica l Analysis A multiple comparison procedure employing 
a one-way analysis of variance was used to determine the statistical 
significance of differences between experimental and control 
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groups 118]. ProbClhlhnC's lC'ss (han 0.05 were considered significant. 
ReprcsclllanvC' experiments arc shown: each experime nt was rc-
peated at least tW ice with similar resuIL ... 
RESULTS 
Effects of Supernatants from UVB-Irradiated Epidermal 
Cells o n DTH and CHS We first measured the effector injecting 
the supernatant from UVB-lTradiatcd epidermal cell cultures on 
C HS and DTH. Primary epidermal cdls cultures were prcparC'd 
from C3 H Inlce, The cu\curcs were exposed to 200 J/m2 of UVB 
radlanon (a dose u'ied prev iously to induce the immullosupprcsivc 
facto rs [13]), and 24 h IatCf the serum-free supernatants from these 
culwres wrre il~cct("d into nornlll syngeneic mice. Five days later , 
half of tht" mice were scnc;iti zed with TNC D. and the o ther half 
were injected with Balb/c spleen cell s. Six days later the mice werr 
challenged with the same an n gen. and the C HS and DTH responses 
were measu red 24 h later. For comparison, two groups of mice were 
also irradiated with 40 kJ/m2 of UV8 radiation. As can br seen In 
Fig I . exposure to whole-body UVB radiation decreased both th(' 
genera tion ofDTH (pall" A) and CHS (polI,1 B) when compared to 
the non-Irradiated control (NR. p < O.OO I). The injection of the 
UV-SN supprcs<ed DTH (Fig IA). Contrary to our expectations. 
however, u had no effect on C H S (Fig 18), The il~cction of the 
con trol supcn.lI1anr (NR-SN) had no suppressive effect on either 
reaction (p > 0.05 vs the NR control). 
W e were somewhat surprised by these resuhs becau~e studies by 
others have demonstrated that superna tants from UV-irradl:lted 
epidermal cell cultures do suppress C HS (13). Although our 
methods for prepanllg the pnmary epidermal cell cul tures a~pc:a r 
identica l to those descnhed by Schwartz and colleagues [131, we 
though t that suhtle differences between our procedures mighr be 
responsiblc for [hiS difference. Therefore. we next used [he sponta-
neously tfimsfonned Dalb/c keratinocyte line Pam 212 as the source 
of the suppress ive supernatan ts. The effect of these supernatants 0 11 
the gencranon of C H S and DTH in syngeneic mice u illust rat ed In 
Fig 2. As before. the po~ltiv{' control for [hi50 cxperimem consi~red 
of expos lIlg Dalb/c miCl~ in vivo to 40 kJ/m2 ofuV udlatioll. There 
was a sign ificant suppr{'s~ion (p < 0.001) of both DTH and C H 
after whole-body UV radiation when compared to the respome 
genera ted III unirradiated Animals (NR). When the UV-SN was 
injected into Ualb/c mice that were subsequendy IIlJected with 
C3 H spleen celis, DTH to rhe alloanngen was siglllficanrly sup-
pressed (p < 0.001 vs the NR cont rol). Whe n rhe same UV-SN w.;&s 
il1Jcctcd II1to 8 alb/c mICe that ''''ere subsequently sensltlzrd with 
TNC B, It had no effect on the development ofCHS.ln thiS experi-
ment also. the tnJrction of supernatan ts from no n-irradiated Pam 
212 cel ls (NR-SN) had no effect on ei ther reaction (p > 0.05 vs the 
NR control). Cell de3th docs not 3ppear to be responsib le for release 
of the suppress ive factor. The number of viable cells in the UV-irra-
di ated and con trol cultures was simi lar. as measured by tcypan blue 
dye excl usio n 24 h aft('r irr<ld lat ion. In addition. equal numbers of 
UV-rre:Hcd Pam 2 12 cells and the NR control ce ll s were plated in 
fresh med ia, and the growth curves of these two cultures were 
sinlil ar (data not shown). We repeated thiS experiment usin g two 
miler comact al lergcns, dinmofluorobcnzene and oXJzolone, and In 
both cases tIlJectlllg the UV-SN generated by irrad iating epidermal 
cells with UVU radiation had no effect on the IIlduction of C H S 
(data not shown). 
Because our supernatants had no effect 011 the C H S rcsponse to 
the hapten TNP. we were IIllerestcd 111 detertmnlllg whether th(' 
DTH response to tll(, !lame hapten would b(' affected by the UV -SN, 
TIllS was accompilsh('d by u5111g TNP-conJug:ued syngeneic spleen 
cd ls as the antigen. Supernatant~ frol11 UV-irndiated and non-irra-
diated Pam 212 c('lI .. were injected into Balb/c mice. These mice 
were then semltl2ed and challenged with syng(,llcic TNP-conJu-
gated sp leen cells. The data from thiS experimem arc presented 111 
Fi g 3. Compared to the non-irradiated control. the IIlJcc,tion of the 
UV -SN and expmure of tll(, IIllce to whole-body UV rad iation borh 
significantly decrea~ed (p < 0,00 1) DTH to TNP-modilied sclf-
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Figure 1. Effect of the supcrniltJnts from UVB-m;adlated pnm:ay C3H 
rpldefllul cell cullure .. on the InductiOn ofOTH (A) or C HS (B). C3H mice 
..... ere HlJecled with supcrn.ulnrs from Ihe UVll- lrndialed (UV SN) or con-
trol (NR SN) epldenn.11 cdl cuhurcs or cxposed to 40 kJJm 2 of UVB 
r.uh<lllon (UV). In pDnrf A. C311 II1I('e were sensitized with HalbJc spleen 
n'II\; III ram:1 B, C3H mict' were senslllud wllh TNCB. The astrrisk indi-
cilte\ J SLg lll fic<l1ll dlffercLlce (p < 0.001) from the response observed in the 
p(Hluve control (N R). The background re~ponse was measu red in mice that 
wen" dl3l1t'nged hut not ~enslt i zed y...rh the :lIltl gen (NS). There we re nve 
mKr/ grollp: UIU(~ = elll X to-· '. 
antigens. These data suggest that, regardless of the antigen used. 
\l1pl'rn;uant~ generated by exposlIlg epidermal cells to UVB sup-
press DTH bur nOt e llS. 
Effects of Factors Released from UVA· lr-rad iated Keratioo-
cytes on DTH and CHS In considenng the possible reasons for 
the.' dIfferences hern'eell our result" and those reported by Schwartz 
C't:d [131. we noted th:u the light sou rce~ differed. Schwarz et al [13] 
u'led an Osr,lm Vita lux bulb. which ('mm a continUOUS spectrum 
h{"(weell 300 ;md 600 nlll, with the major peak at 390 nm [191. The 
FS-40 lamp used here has a conti nuous ~pectrum from 270 to 390 
nm. with a mam pcak at 3 I 2 11m 141. Became the Vitalux lamp emits 
more energy at the longer UV wavelengths than the F -40 lamp, it 
se(,l1lcd possible that different wavebAnds of UV radiation might 
produce dlffl'rell t IInmunorcgnlatory factors. which could explain 
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Figure 2. Effect of the supemat:mts from UVD-irradiated Pam 212 cdls on 
the induction of DTH (A) or CHS (8). Balb/c mice were injected with 
supernatants from the UVB-irndiated (UV SN) or control (N R SN) ker3-
tmocyte cdl cultu res or exposed to 40 kJ/ m2 of UVB radiation (UV). In 
ponti A, Balb/c mice were sensitized with C3H spleen cells; 10 ponti B, 
Balb/c mice were sensitized with TNCB, The tlsttrisk indicates a significant 
difference (p < 0.00 1) from the response observed in the positive control 
(NR). The background response was measured in mice that were challenged 
blu not sensitized with the antigen (NS). There were five mice/group; 
units - Clll X 10- 3., 
the differences berween our data and those reported by Schwarz et al 
[13J. 
To test this hypothesis directly, we irradiated Pam 2 12 cultures 
with 200 J/m 2 ofUVB radiation from an FS-40 sun.lamp (approxi-
mately 130 Jim' ofUVB radiation and 70 Jim' ofUVA radiation) 
or 200 Jim' ofUVA radiation from the Dermali ght 2001. Twenry-
four hours later, 0.5 ml of each supernatant, or 0.51111 of the control 
supernatant from non-irradiated cultures was injected into various 
groups of C3H mice. Five days later one half of the mice were 
sensi tized with DNFB and the other half were injected with a llo-
geneic, C57 Bl /6 spleen cell s, Six days after sensitization, the mice 
were challenged wi th the appropriate antigen, and the resu lting 
DTH and C HS reactions were measured 1 d later. The data from 
this eXJXriment are presented in T able I. As before, the injection of 
supernatan ts from the non-irradiated cells had no effect a ll the mag-
nitude of the CHS response (N R ys NR-SN, P < 0.05). Although 
the injectio n of the supernatant from UVB-irradiatcd Pam 2 12 cells 
Treatment 
NS 
NR 
UV 
NRSN 
UVSN 
o 1 0 20 30 40 50 
t; footpad thickness 
Figure J . Effect of thc supernatants from UVB-irradiated Pain 212 cdls on 
the induction of DTH to TNP-cOluugated syngeneic spleen ce lls. Balb/c 
mice were injected with supernatants from the UVB-irradiatcd (UV SN) or 
control (N il. SN) kerarinocyte cel l cultures or exposed to 40 kJ/m2 ofUVB 
radIation (UV). The astl!risk indicatcs a significant difference (p < 0.(01) 
from the response observed in the positive control (NR). The background 
response was measured in mice that were challenged but nOt sensitized with 
the TNP-conJugated normal spleen cells (NS). There were five mice/group; 
units"" CI11 X 10- ), 
resulted in a small decrease in [he C HS response, this difference was 
not stati stically signi ficant (NR vs UVB-SN, P > 0.05). In contrast, 
when the supernatant from UVA-irradiated cells was injected into 
mice. there was a significant decrease in the C HS response (NR vs 
UV A-SN , P < 0.002). The opposite situation was obsel"ved when 
DTH was measured. The DTH response obtained after injecting 
superna tant frol11 the non-irradiated cel ls or supernatant from the 
UVA-irradiated cells was indistinguishable from that of the control 
group (N R ys NR-SN and NR ys UVA-SN, p > 0.05). Bur as 
shown previously, injecting the supernatant from the UVB-irra-
diated Pam 2 12 cell s resulted in a significant suppression of the 
Table I. Effect of Supernatants &om UVA and UVD-Trradiated 
Pam 212 Cells on CHS and DTH 
.1. &r thickness· 
Treatment'" (± SEM) Specific swelling' p <, 
None 3± 1 0 
NR 16 ± 4 13 
CBS NR-S N 14 ±6 11 NS' 
UVA-SN 9±2 6 0.002 
UVlI-S N 12 ± 3 9 NS 
.1. Footpad thickness· 
Treatment'" (±SEM) Specific swelling' p <, 
Nonr 3±3 0 
NR 31 ± 5 28 
DTH NR-SN 29 ± 7 26 NS 
UVA-SN 25 ± 5 22 NS 
UV Il-SN 19 ± 3 16 0.002 
~ C3 11 mice were InJccted WIth 0.5 IIlI of iupcrnat2nt from Pam 212 cultures cxposed 
co 200 J/ m1 of UVA (UVA-SN) or UVIJ (UVH-SN) radiomon or wllh 0.5 ml of 
IUptrnOlUnt from non-ur.uliated cells (NR-SN). The responS(' In thCS(' mice wu com-
pared to fhe responS(' of the control 2-nunals (N R). In the C HS expenmcnt, C3H mice 
were S('l1slUud with DNFH; In the DTH rxperlmenl, C3H mice we~ Injected with 
OIl1ogenelc C57D t/ 6 spleen cells. 
~ UnItS - CIII X 10- ) (five 1I11ce per group). 
, The Inckground swelling found III the non-sensitIZed conlrol mIce W15 sublracted 
from the swelling found in the S(:nsllllCd groups. 
I p v~llU:s were Iletcrmmt'd by 01 one-way AN OVA. 
• NS: IIOt ilgl1l fiontly different from the NR control (p> 0.05) . 
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Table n. Effect of the Supcrn,nant from UVB-Irradiatcd Pam 
212 Cells on Antibody Formation 
Treafment" 
+ HIUlC 
+SRBC 
UVA-SN + SIUlC 
UVll-SN + SRBC 
NR-SN +SRBC 
Anti-SRBC PFC/IO' spleen 
ceil,' (± SEM) 
o 
793 ± 74 
718 ± 33 
795 ± 109 
937 ± 26 
• Iblb/ c mlc~ W~f~ InJcaed with lupc:rn~Dnts from UVA (UVA-SN) or UV8-lrra-
dl;lted (UV H-SN) ker.ltinocyte culturn or supc:rru.unts from the non-Irradi~ted control 
(NR-SN) . Thnc= rmct were then InJeclcd with sheep eryth rocytes. Th~ number of 
pbque-fofl1lUl8 cdls was delermined by \Ising SR8C as Ihe indicator cells. The re-
spome of norm;tl mice irnlllunlzcd wuh sheep crylhrocytcs (+SRllC) was compucd to 
th~ response found In mICe tnJccted With nlpcrrnlbn~ from the ker.ltlllocyt~ cultures. 
The ~ckground responst W;tS delermllled by injecting mice: With horse ~rythrocyt~ 
(+HIUJC) ;tlld musurmg the number of ~"ti-SRBC plaqucs. 
~ There wtrt twO mlct ptr group. E;tch splcen wuu~y~d tndivldu~lIy. thrteslldes 
ptr spleen. The <ht;t represent th~ mun v~lucs from SIX slides. 
DTH response to a1loantigen (NR vs UVB-SN , P < 0.002). Thus, 
these data suggesr that different cycok.ines may be released by the 
keratinocytes. dependin g on rhe wavelengths ofUV radiation used 
for irradiation. In add.icion, these data demonstrate that the activity 
of the suppressive factors is nOt genetically restricted, because the 
supernatants from UV -irradiated Pam 212 cells. a keratinocyte line 
derived from Balblc mice, could suppress the responseofC3H mice 
[0 C57 BI /6 antigens. 
Effect ofUV-SN on Antibody Production We next examined 
the effect of supernatants from the UV A or UVB-irradiated kerati-
nocytes on antibody formation in vivo. Balblc mice were injected 
with supernatants from Pam 212 cells exposed to UVA or UVB 
radiation. Five days later the animals were il~ected with O. t ml of a 
1 % solution ofSRBC via the tail veil) . Four days after immunization 
their spleens were removed and the number of antibody-fonning 
cells was determined. The data from such an experiment are shown 
in Table II. Injecting the supernatants from UV A and UVB-treated 
keratinocytes had no effect on the ability of mice to produce anti-
body. Thus, the same selectivity for the suppression of DTH and 
CHS responses exhibited by mice exposed in vivo to UV radiation 
was observed following the injection of supernatants from UV -irra-
diated keratinocytcs. 
Dose-Response Determination for the Suppression of DTH 
and CHS by UV Radiation The data obtained in the in vitro 
irradiation studies support the hypothesis that the suppression of 
DTH and C HS by UV radiation occurs by means of different mech-
anisms 19]' To determine whether this finding could be substan-
tiated by the in vivo UV irradiation model , we determined the 
dose-response relationship for the suppression of C HS and DTH by 
FS-40 sunlamps. As shown in Fig 4, exposing mice to 8 kJ / m2 of 
UVB radiation caused a 50% depression of the DTH response, 
whereas 2.5 times more energy (20 kJ/m2) was required to depress 
C HS by 50%. These findings demonstrate that the DTH response is 
more sensitive to the effects of UV radiation and that DTH and 
C HS are suppressed by UV radiation in different ways. 
DISCUSSION 
The mechanisms by which UV radia tion induces systemic suppres-
sion of the immune response arc not entirely clear. Recent studies 
have suggested that the release of soluble factors contribute to the 
induction of suppression. Swartz [20J found that when plasma from 
UV -irradiated animals was transferred into normal recipients, their 
ability to respond [0 contact allergens was significantly impaired. 
Harriott-Smith and Halliday [2 Ij also described the presence of 
immunosuppressive factors in the serum of UV-irradiated mice. 
DeFabo and Noonan [22] have suggested that the photoreceptor for 
UV radiation in the skin may be urocanic acid and that the photo-
isomerization of trans-urocanic acid to cis-urocanic acid by UV is 
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essential in the induction of systemic suppression. Data to su~port 
this hypothesis come from the experiments of Ross et OIl [231 and 
Noonan et al [24J, which demonstrated that the injection of cis-uro-
canic acid can suppress the DTH response to herpes simplex virus 
and result in the impainnent of splenic antigen-presenting cell 
fUllction. 
An alternative hypothesis comes from the studies of Robertson et 
a1125J. The injection of recombinant interleukin-l (IL- l) into mice 
prevented them from responding to contact allergens. In the spleens 
of these mice suppressor cells were found that could inhibit the 
elicitation of C HS when tf2l1sferred into sensitized animals. The 
suppression appeared to be dependent on the release of prostaglan-
dins because the administration of the prostaglandin synthetase in-
hibitor, indomethacin, abrogated the suppressive effect. These au-
thors suggest that the inflammation caused by UV exposure results 
in the release of such substances as IL- l and prostaglandins, which 
playa role in the induction of the systemic suppression. Studies by 
Gahring et al [261 demonstf2ting increased levels of IL-l in tbe 
serum of UV -irradiated mice support this hypothesis. It should be 
noted. however, that Harriott-Smith and Halliday were unable to 
document the presence ofIL-1 in the serum samples that suppressed 
C HS in their study (21). Finally, Schwarz ct.1 (13) showed that 
UV-irradiation of primary epidermal cell cultures andlor a keratin-
ocyte ccilline in vitro resulted in the release into the supernatan t of 
soluble factors with immunosuppressive activity. Injection of the 
supernatants iuto mice mimicked the effect of whole-body UV -ir-
radiation in that it impaired the animals' ability to respond [0 con-
tact allergens. It is of interest to nOte that the use of indomethacin in 
this study did not abrogate the production of the suppressive factor. 
Because the limited penetration of UV radiation confines its pri-
mary effeer mainly to the skin , the release of soluble suppressive 
factors by UV -treated epidermal cells is an attractive hypothesis to 
explain the systemic suppression of the immune response by UV 
radiation. Because the suppression induced by UV radiation is selec-
tive in nature, the initial purpose of the present study was to exam-
ine the scope of immune responses inhibited by keratinocyte-
derived immunoregulatory factors and to correlate their effects with 
those of whole-body UV irradiation. Our data demonstrate that 
soluble factors released from either UVB-irradiated Pam 212 cells 
or primary epidermal cell cultures interfere with the DTH response. 
To our surprise. however, we were unable to suppress CHS after 
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Figure ... Dose-response curves for the suppression of OTH 2nd CHS by 
UVB radiation. C3H mice were exposed [0 various doses of UVB radi:ltion 
prior to sensitization with 3110geneic Balb/c spleen cells (DTH) or DNfB 
(CHS). The response of non-irradiated COlltrol mice was by definition equal 
[0 100%. There were 6ve mice/group. 
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il~ ecting supernatants from the UVB-irradiated epidermal cell cul-
tures. Only after the irradiation of the keratinocyres with UVA 
radiation were we able to generate a factor capable of suppressing 
C H S. In addition, injecting the supernatant from the UVA-irra-
diated keratinocytes did not inhibit the induction of DTH. Thus, 
our findings support the concept that the release of soluble suppres-
sive factors from UV-irradiated epidermal cells may be involved in 
the induction of systemic suppression by UV radiation and suggest 
in addi tion that at least two different factors are involved, each with 
a different wavelength dependency. 
There is clearly a discrepancy between the in vivo and in vitro 
systems. however. Exposure of mice in vivo to FS-40 sUluamps 
suppressed both DTH and CHS, whereas in vitro irradiation of 
epidermal cells with this light source caused only the release of 
factors that suppress DTH. In addition, experimcnts by DeFabo and 
Noonan [221 demonstrated that in vivo, the maximal suppression of 
CBS was effected by wavelengths ill the UVB range (270 nm). The 
FS-40 sunlamp is a complex light source that emits 65% of its 
energy in the UVB range. 35% of its energy in the UVA range. and 
less chan I % in the UVC range. Ie seems most likely that the dis-
crepancy between the in vitro and the in vivo systems results from 
variable penetration and/or screening of the UV radiation in the in 
vivo system. Forexample, the action spectrum for pyrimidine dimer 
formation ill aqueous thymidine solutions peaks at 260 11m [27]. 
whereas irradiation of cells with 270 nm resulted in maximal dimer 
formation [27], and 290 nm was most effective at producing pyrimi-
dine dimers in vivo in the skin of hairless mice [29]. A similar 
situation may have occurred here in which the in vivo and in vitro 
action spectra for a given effect are not concordant. It is, of course. 
also possible that the mediators produced in the in vitro system are 
not responsible for in vivo immunosuppression. However, this 
seems unlikely because of the ability of the soluble factors to mimic 
the effects of in vivo UV -irradiation both in specificity and in the 
time course of their effects. 
An additional complication in this system involves rhe simulta-
neous production of suppressive factors and their antagonists. The 
net result, immunosuppression or immunization, depends upon the 
balance betwecn the two. For example, keratinocytcs produce both 
IL-l , which has a positive cffect on the immune system, and contra-
IL-l [30], which is suppressive. Modulation of the release of the 
suppressive factors or their antagonists by physical agents such as 
UV radiation could alter the balance between these facrors. thereby 
altering the outcome of antigenic stimulation. Thus, different 
wavelengths of light may selectively enhance the production of 
different suppressive factors or their antagonists, which may explain 
the differential suppression of CHS and DTH seen in our experi-
ments after treatment ofkeratinocytes with UV A or UVB radiation. 
It is also plausible that the structural integrity of the skin influences 
which factor will predominate following exposure to UV radiation. 
This may explain why we (data not shown) and mhers [31] were 
unable ro suppress CHS in vivo with UVA radiation but could 
suppress CHS with factors from UV A-irradiated keratillocytes. 
The effector T-cell subscts that mediate DTH and CHS appear to 
be different. Weinberger et al1321 and Sunday and Dorf 1331 con-
cluded chat the cells that mediate DTH and CHS have different 
restriction patterns, idiorypic receptors, and distinct Lyt pheno-
types. Recent studies have supported this conclusion by demonstrat-
ing that the removal of L3T4a+ T cells. but not Lyt 2+ T cclls. 
blocked the induction of DTH, whereas CHS was inhibited when 
borh L3T4a + and Lyt2 + cells were depleted. Removal of only the 
L3T4a + cells did nOt inhibit the induction of the CHS response 
[34,35]' It is possible that the suppression ofDTB, and not CBS, by 
thc factor produced by the UVB-irradiatcd keratinocytes and rhe 
suppression of CHS and nOt DTH by the factor released by thc 
UV A-irradiated keratinocytes is the result of each factor interacting 
with a different subset of effcctor T cells. 
Kripke and Morison 19] demonstriaed that UV radiation sup-
presses CBS and DTH by different mechanisms. They based their 
conclusion on the following observations. FLrst, the injection of 
haprcll-col~ugared antigen-presenting cells could overcome the 
suppression of DTH but not CHS in UV -irradiated mice. Second, 
the i,~ection of the anti-inflammatory drug methylprednisolone 
immediately following UV exposure prevented the systemic sup-
pression of DTH but had no effect on the suppression of C HS. 
Third, the UV -induced suppression of C HS could be transferred to 
x-irradiatcd mice with spleen cells, but the suppression of DTH 
could not. We can add to these observations the findings from the 
present study demonS[r:lting that:1 factor interfering with the devel-
opment of a DTH response is released after in vitro uva irradiation 
of keratinocytes, and a factor affecting CHS is released after in vitro 
UV A irradiation of keratinocytes. Also, the dose-response curves 
for rhe inhibition ofDTH and CHS by exposure to UV radiation in 
vivo differ. Thus, our results support the concept that DTH and 
CHS arc affected by UV radiation in different ways. and suggesr 
thatsolublc mediators with different wavelength dependencies may 
be involved. How these factors compare ro those described by 
others, most notably contra-IL- I 130], contra-CBS (131, IL-l [25]. 
and urocallic acid 122) remains to be seen. Studies arc in progress at 
the present rime to biochemically characterize the immunosuppres-
~ivc factors released by UV-irradiated keratinocytcs to address this 
Issue. 
In summary, the data presented here demonstrate that soluble 
factors released from UV -irradiated kerntinocytes can suppress C H S 
and DTH. Different factors or different combinations of factors 
seem to be induced by different wavelengths ofuV radiation. Expo-
sure of cells to UVA radiation induces the release of a facror, or 
factors, whosc net result is to suppress CHS but not DTH. UVB 
exposure induces the release of a factor, or facrors, that suppress 
DTH but nOt CHS. Our data support the hypothesis that keratino-
eyte-derived soluble factors arc involved in the induction of sys-
temic suppression by UV radiation. In addition. these studies dem-
onstrate that different biologic activities result after exposure of 
keratinocytes ro different wavebands ofUV radiation and illustrate 
the complcxity of the interactions between keratinocytcs and kera-
tinocyte-derived factors and the immune system. 
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